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To know only one thing well is to have a barbaric mind
Robert Graves
Some men make it their life's work to excavate one deep mine of knowledge in one particular field, others scoop shallower pits over a wider area. A.R.J.P. Ubbelohde was an exceptional polymath who dug deeply in many fields and permanently altered our view of their landscapes. H e contributed to subjects ranging from chemical thermodynamics, over combustion, explosions and detonations, to ionic melts, graphite and intercalation compounds. He was an enthusiastic farmer with a penchant for intelligent pigs, an expert on Chinese, cloisonne ceramics and other antiques, an authority on literature, wines and a devotee of salmon fishing. H e wrote six books (among some 400 publications) and was regarded as a leader in a number of fields of research by diverse groups of workers who were barely aware of his contributions in other areas. His elegant and erudite writings included literary critique, biography and The Marriage o f art and science (for the Royal Society of Arts) effortlessly negating C.P. Snow's concept of "two cultures". For the biographer it is a curious experience to encounter so many people who believe his main contributions to lie entirely in their own particular fields; very much like writing the memoirs of several men.
T h e e a r l y y e a r s
Alfred Rene Jean Paul Ubbelohde was born in Antwerp, 14 December 1907, the third son of Francis Christian J. Ubbelohde, whose ancestors came from the Hanover region in the 18th century, and of Angele nee Verspreeuwen. Four sons were born between 18 November 1905 and 25 December 1908, followed by a daughter. The father was a merchant and the family moved from Belgium to London when the first world war broke out, residing first in Richmond, Surrey, and subsequently in E.C.3.
The family's escape from war-torn Belgium was quite dramatic, according to the account of Paul Ubbelohde's elder brother. At the beginning of October 1914, to the accompaniment of the sound of rapidly approaching gunfire, the father, who had himself encountered considerable difficulty in returning from Argentina to be with his family, chartered a tug to take them on the first lap of the crossing to England. The problem was complicated by the presence of a considerable number of servants (two of whom loyally remained with the family for many years, although they could hardly speak a word of English). When the tug reached Flushing, then in neutral Holland, there was no accommodation to be found anywhere. Finally, at about three o 'clock in the morning, some fisherfolk who resided in overturned boats took the family in and became their hosts for three days (though it appears from the account that the children's main interest at the time was engaged by a neighbouring colony of seals). From there on the family was restored to its accustomed patrician environment as a steamer from Flushing was "met by father's banking friends in their black-tailed coats, striped trousers and top hats" who arranged a private railway carriage to London where residence was taken up in a "plush Edwardian atmosphere ... at the then still fashionable Grosvenor Hotel. As we could not stay there for ever, a large house was rented in Richmond near London..."
However, undoubtedly the most traumatic experience of Paul U bbelohde's child hood, and one that was to have a profound influence for the rest of his life, was the poliomyelitis infection which he contracted just a few months later when he was only seven years old. This was attributed to having been pushed into the cold sea by some urchins while the family stayed at the Brighton Metropole. The illness left him with a paralysed right arm and a characteristic stoop which troubled him a great deal, according to those closest to him, though to the rest of the world he appeared totally oblivious of it.
H e became naturalized British in his mid-twenties.
School
Paul Ubbelohde entered Richmond County School in 1918, Colet Court in 1920, and spent the next six years at St Paul's School as one of D ean Colet's Foundation Scholars. This had become something of a family tradition; all four brothers went to Colet Court and St Paul's. Later in life Ubbelohde frequently recounted with some relish how the High M aster told him that he would have been streamed into classics, had he shown any promise. Yet his progress was so much in advance of his class that special advanced tuition had to be provided before his departure. H e was, in turn, Foundation Scholar, University Scholar and Vice-Captain of his House.
Ubbelohde's links with St Paul's remained firm throughout his life. H e was a Governor for 20 years, having been appointed by London University in 1966. Warwick Hele who was High M aster during thirteen of those twenty years, described him as "in the very best sense a visionary. His wide experience of the university and scientific world was refined in a shrewd and sympathetic mind to provide in many contexts, and particularly for his own school, a vision of the future from which we all benefited. In a busy life nothing was too much trouble for him, whether it was advising on the latest developments in technology, planning an up-to-date curriculum or pointing the High Masters towards the opportunities of the 21st century". The late D r M.A. Grace, F.R.S., a fellow Governor, wrote shortly before his own death: "From his first Governors' Meeting, Professor Ubbelohde made his presence felt by penetrating observations and practical advice. With his considerable experience both of science departm ents and public affairs he was always able to make important contributions to a discussion w hether it was on the desirability of energy conservation in the design of buildings, on the dangers of infection in swimming pools or on the modernisation of school science departments. All these were matters on which he held strong views and which he freely but courteously expressed".
Paul's interests were stimulated about equally by chemistry, pure mathematics and English literature. However, he opted for chemistry and won a scholarship to Christ Church, Oxford.
University
Paul U bbelohde's career at Oxford was long and distinguished. H e was a Scholar of Christ Church from 1926 to 1930, Gibbs Prizeman of the University for Chemistry in 1928, Dukes Prizeman for French and, after graduating with First Class Honours in 1930, spent another 5 years on post graduate research, working mostly on hydrocarbon oxidation chemistry with Sir Alfred Egerton, F.R.S., at the Clarendon. H e contributed to Egerton's work on the peroxide theories of oxidation and remained in close contact until Sir Alfred's death in 1959. The oral on the Ubbelohde Thesis was remarkable not least (as he often recounted subsequently with much glee) for one of the examiners demanding w hether he was aware that he had therein disproved the 2nd Law of Thermodynamics. Fortunately it did not seem to m atter "since it was only in an Appendix". O n the advice of his tutor, he supplemented his Oxford degree with a B.Sc. Special Chemistry of London University, with Physics and Mathematics as Subsi diaries, which he passed as an External student in 1928, with First Class Honours.
It did not take long to dawn on his fellow students that Paul U bbelohde's interests and background knowledge were not confined to chemistry -nor indeed to science. The following extracts from a letter from a friend and contemporary, Mr E.J. Oliver, vividly illustrate the impression he made:
In 1930 when he graduated in the Honours School of Chemistry at Oxford, Paul Ubbelohde was already a remarkable figure in his college, Christ Church. What most surprised those who met him for the first time was to learn that his subject was chemistry: for in any discussion, whether of art or literature, history or country life, his deep knowledge and range of curious reference led his listeners to assume that any one of these was his peculiar study. "That friend of yours", one would say, "I thought he was a historian, but he seems to know most about Dante...". His odd interjections or quotations at the Christ Church Essay Club, of which Alfred Ayer, later Wykeham Professor of Logic, was then a member, were received with respect and bewilderment. His appearance, the face almost childish in its candour, the persistent smile and the unfailing good-humour, added to the impact of his remarks. Yet he could be firm in exposing any lapse: when the secretary of the Essay Club, later a Government minister, pretended to read minutes he had omitted to record, Ubbelohde intervened with a vote of censure and a new secretary was appointed. In 1930, while nobody could foresee the career that Ubbelohde was to achieve, no one who knew him well then could doubt that this would be remarkable".
Ubbelohde's research in the Department of Thermodynamics was punctuated by a formative year spent in the Institut fur Physikalische Chemie, Gottingen, with Professor Arnold Eucken. He selected Eucken's laboratory entirely on the basis of published work. Klaus Clusius, Edward Teller and Lothar Meyer were Eucken's research assistants at the time but in the area of U bbelohde's personal interest, his closest ties were with Prof. Max Born. The tradition of personal craftsmanship was very strong and Ubbelohde paid "our young Leiden -trained glass blower" to take him through the entire Leiden glass-blowing course after working hours (notwith standing very tight finance due to the recent devaluation of Sterling).
In view of the profound influence that the time with Eucken had on Ubbelohde's development and interests, especially as regards transport properties of gases, it must have been most gratifying to him when, over half a century later, towards the end of his life, he was compared to Eucken. I am indebted to D r F. A. Lewis for the following extract from a letter sent by Professor Ewald Wicke, a former President of the Bunsengesellschaft, written (and any attem pt to modify his imaginative use of English would have been presumptuous) on the occasion of Ubbelohde's eightieth birthday:
I remember lively our last meeting 1984 at Gottingen when we celebrated the 100th birthday of Arnold Eucken. Similar to him you have been a motive power of progress in physical chemistry in our century, and are one of the most esteemed scientists of high-international rank in our discipline.
At Christ Church, Oxford, 1929. U bbelohde's studies were supported from 1933 to 1935 by a Senior Research Award from the then D.S.I.R. of which there was a year left to run after his return to Oxford. The University at this stage had already billed a series of eight public lectures by him on "M odem Thermodynamical Principles" and his hybrid discipline of "Chemical Physics" attracted much interest. During this time, Ubbelohde was building up a considerable expertise lecturing and publishing on the influence of zero-point energy differences and on phase changes. The results of his thinking were eventually publish ed in 1937 as the first of his books Introduction to modem thermodynamical principles which was well received as a light and refreshing way of acquainting chemists with the partition function technique. The work epitomized Ubbelohde's ability to present complex material in a simplified form and to "convert" physics or mathematics into chemistry.
However, deeper involvement in scientific research did not diminish U bbelohde's literary activities. Brian Baile, a life-long friend, writes about that period: Elsewhere, M r Baile says: "Perhaps I should have added that Paul was a man of deep faith and prayer and great humility". U bbelohde's fluency in European languages allowed him to converse more freely than most with the refugees from Nazism including the then newly arrived Niels Bohr and Albert Einstein who had been at Christ Church since the late 20s. Egerton and Lindemann were skilled squash players and Einstein was introduced to the kinematics of the game by Ubbelohde, while the two of them watched from the gallery of Egerton's private court.
Oxford University awarded Ubbelohde a D.Sc. in 1941.
T h e R o y a l In s t i t u t i o n
In 1936, Paul Ubbelohde was awarded the Dewar Fellowship of the Royal Institu tion, directed at that time by Sir William Bragg. He remained there until 1940, developed methods of using Bragg's new X-ray techniques to study higher order phase transitions in ionic crystals and contributed new insights into order-disorder changes in solids.
In later life, Ubbelohde often spoke of this as the most formative period of his scientific life. Professor J.M. Thomas, F.R.S., the present Director of the R.I., affords us an insight into that era when William Bragg allowed him and the galaxy of gifted contemporaries working then at the RI to roam freely into whichever field took their fancy -a far cry from the present-day ethos of target orientated, interdisciplinary research centres. In that five-year period, Kathleen Lonsdale was investigating X-ray diffuse reflectance, magnetic anisotropy and the crystallography of diamond; J. Monteath Robertson was initiating his pioneering use of X-rays to solve the structure of the phthalocyanines and polynuclear hydrocarbons and laying the foundation of Fourier methods of crystal analysis; H.A. Jahn (of Jahn-Teller fame) was concerning himself with Coriolis perturbations in methane; and there were many stimulating visitors, including A.L. Patterson as well as talented experimentalists (Ida Woodward, a crystallographer, and J.W. Oldham, a preparative chemist versed in the use of Grignard reagents) with all of whom Ubbelohde interacted strongly. His publications at that time reveal the unusual range of his interests, most of which he pursued later in his career: hydrogen uptake by metals, which led to refinements of the Phase Rule; melting and crystal structure, a subject which he subsequently explored intensively and which became the title of one of his many books; the ferroelectric behaviour of Rochelle salt; the influence of isotopic substitution upon crystalline properties; the occurrence of induction periods in the combustion of hydrocarbons. Ubbelohde, although a junior among his associates -he used to refer to himself as "the Benjamin of the family" -was capable, as always in his career, of mobilising the interests, skills and energies of all around him".
A t the Royal Institution also Ubbelohde met Sir Robert Robertson, F.R.S., who, following his retirement, had designed and fabricated apparatus there to continue his pioneering studies in far infrared spectroscopy. Robertson subsequently became instrumental in Ubbelohde's transition to University College, Swansea, when that became an outstation of the Research Department of Woolwich Arsenal during the War. Sir Gordon Cox, F.R.S., writes: 
T h e w a r y e a r s
The work carried out at the Swansea unit initially comprised analytical and general chemistry, examination of numerous non-explosive materials used in the Services, a certain amount of organic chemistry, physical chemistry and physics. The staff ulti mately reached 50 scientists and 100 subordinate staff. Ubbelohde was employed by the Ministry of Supply from 1940 to 1945 as Principal Experimental Officer in charge of a group of experimental and theoretical studies on the phenomena of explosion and detonation. H e lodged in digs in the Mumbles. The work on the sensitivity of explosives and the physics of hollow charges was difficult, dangerous and dirty. However, it provided many subsequent academic insights and left him with a high regard for the simplicity and elegance of plastic explosives as a means of removing obstacles. D r R.H. Davies, who was associated with the work, writes:
The interests of the Armaments Research Unit at Swansea were wide and included analytical chemistry, organic chemistry, metallurgy, paint technology and the development of new detona tors and explosives. Ubbelohde had an ability to recognize the fundamental issues involved in a problem and his fertile brain would produce probing questions and ideas.
Many of U bbelohde's publications in the post-war period and his abiding interest in detonation theory and the implications of short-duration, high-pressure effects may be traced to his experiences at Swansea. U bbelohde's attachm ent to fishing also probably derives from this period. D r Davies vividly recalls "...seeing Sir Robert Robertson equipped with fishing tackle, standing on the steps leading down to the library, demonstrating to Ubbelohde how to cast a line! U bbelohde's unfortunate disability made it awkward for him to reproduce the technique". On the evidence of his subsequent attachment to the sport, this became yet another challenge to be overcome.
His friends saw little of him during those years; correspondence reveals how little leave there was and how difficult it was to travel. Some flavour of the times is conveyed by an episode in which a depressing briefing lunch in Cardiff arranged to inform and impress the great G. Kistiakowsky, visiting from America, was wonderfully enlivened by the announcements of auspicious developments on the Russian front. This was greeted with roars of approval by the gigantic Kistiakowsky and the wartime rations were thereafter attacked with greater gusto. For those whose sense of humour had not been totally submerged, there were lighter moments too. Ubbelohde was often present during weapon firing tests. His vivid description of how on one occasion the military and he had to devise a way of recovering a valuable projectile which had come to rest by upending a hive of bees was delivered with characteristic enjoyment. The study of accidental electrostatic ignitions was of great value in reducing fatalities in factories. Ubbelohde often claimed that a modification of the working ladies' under wear from silk to a material less likely to accumulate high electrostatic potentials saved the day. "Although the general needs of the department were always of param ount import ance to him and absorbed much of his time and effort", D r Mackle continues, Ubbelohde never allowed research interests to suffer. Despite all the 'administrative abomin ations' he simply made time for regular tours of his entire group. These often happened at the most unlikely hours, but they never failed to dispel despondency and inject new confidence where it was most needed. He had his finger on the pulse of every area of his research, and on these whirlwind tours he solved problems and scattered bright new ideas in all directions. They were always a breath of fresh air and spurred everyone to greater effort with renewed optimism and confidence. Research for him was fun, and he made it fun for all around him.
Many of his research interests at Q ueen's originated in earlier years at Oxford, Gottingen and the Royal Institution and were eventually carried over to his period at Imperial College (the subjects of his researches are covered under a separate heading). At Q ueen's he built up a team of research students under his own supervision which eventually comprised some 20 people.
It is regrettable that space does not permit the retelling of all the heroic tales concerning this fruitful period. They range from many instances of Ubbelohde march ing into the laboratories to subdue some recalcitrant piece of apparatus, demonstrating his skills in (soda) glassblowing and silver soldering, to some of the hilarious conse quences of the heterogeneous mix of students fresh from school with batches of men returning from War service. There was a great disparity of age and maturityUbbelohde looking quite youthful beside many of the war veterans. Those who have not lived through this period may perhaps not appreciate the somewhat specialized forms of entertainment they gave rise to. Thus, an ex-Naval Lieutenant working on the hydrogen/palladium system had painted his apparatus battleship grey. Overnight major re-arrangements were made which converted the equipment to one of His Majesty's lesser Naval vessels. The instructions on the engine room telegraph were tailored to conform to the spirit of the research group. It had no means of going astern; half speed ahead carried the term "press on" and full speed ahead "press on regard less". The students record that "the Professor laughed" but "we were uncertain if he was amused". "No wonder the departm ent soon became a place where people could be found working at any hour of the day or night", writes D r Mackle. "During his nine years at Q ueen's he was at the peak of his innovative capacity and creative energy. In that time he was senior author and main inspiration of about seventy illuminating research papers in diverse areas and the two delightful and stimulating books: Time and thermodynamics and man and energy. These are classics of their kind, for no one understood classical thermodynamics better than he did". U bbelohde's boundless energy during this period is well illustrated by an episode described by Miss A nn Wasson who was his secretary throughout his years at Belfast. She writes:
I remember one day in particular on which he had travelled at an early hour from London to Edinburgh, delivered a lecture there and then proceeded to Belfast in time to fulfil a dinner engagement. Next morning he arrived at the office a little later than usual and asked me to call some of his research students for a discussion of their work. My search proved fruitless, as I had suspected, and I tried to explain tactfully that there had been a dance the previous night which might account for their lateness in arriving to work, whereupon he exclaimed "I, too, was at the dance last night and have already had a swim this morning!
D r Mackle adds:
He was an habitual and powerful swimmer to whom a mile across a bay or thirty lengths of the baths was child's play... His fishing expeditions, coarse or otherwise, became famous not so much because of the size and number of fish caught, but because of the delightful ingenuity with which he could explain away his lack of success in matters piscine. Irish fish might have the superb hydrodynamic qualities of their species, but their minds were warped and cunning.
Perhaps the most celebrated event in Professor Ubbelohde's period at Q ueen's University was his election to Fellowship of the Royal Society. His students, in jubilant mood, spontaneously marked the occasion by transporting him in a hand cart from the Department, along University Road, to the Club Bar and concluded by presenting him with 5 litres of Guiness and a "straw" made of glass tubing.
As usual, Ubbelohde's activities were not confined to University Both at Q ueen's and at Imperial College, Ubbelohde's research was punctuated by the planning of building extensions and his research was disrupted by construction work. The new Chemistry block at Q ueen's, for which he was responsible, was completed after he left; the contractor's drills on the first extension to the Departm ent greeted him when he arrived at Imperial College and within a very few years a further new extension began to rise from the ground. Ubbelohde stood like a rock on which the raging seas of change made little impression. The Lord Flowers, F.R.S., Vice-Chan cellor of London University, who was Rector of Imperial College at the time of Ubbelohde's retirement, wrote of this period: right when all the rest were wrong; and he could also be fairly described as an obstruction, for he stood stolidly in the way of change for no good reason, and he has been a fierce and intimidating opponent of falling standards and academic chicanery. Would that there were more 'consecrated obstructions' in university life today: perhaps we would be in better shape.
When the building contractors eventually receded, the physical basis at last existed for the full development of a Department which has always been essentially hybrid in character; deriving strength from the interaction of a variety of disciplines and techniques. To this complex and continuing process Professor Ubbelohde brought constructive energy, a wide range of scientific interests and sympathies; an armoury of positive views, articulately expressed; and a capacity for imaginative opportunism. Keeping a firm grasp on departmental administration, he encouraged useful new initiatives in teaching and research, gave strong support to the undergraduate and postgraduate student societies, promoted links with former students, and accorded due recog nition to the importance of social as well as academic intercourse. His concern for a closer and more productive interchange with industry has been pursued in many practical ways, including recruitment of a number of distinguished Visiting Professors.
Interdisciplinary studies integrating science, technology and engineering were al ways close to U bbelohde's heart and he stoutly supported workers at such interfaces. The late Professor P.M.S. Blackett, F.R.S., once defined a first-rate laboratory as "one in which mediocre scientists can produce outstanding work". U bbelohde took no such risks as regards his intake of research workers but insisted on excellence. Only under the most exceptional circumstances would he depart from his "First Class Honours degrees" rule. A t the level of postgraduate degree work, his aim to promote strong hybridiaztion between chemical engineering and chemical physics often took the form of recruiting a student with each kind of primary degree to work at different aspects of a common research problem, frequently with common research rigs. Today many of his former students and collaborators occupy leading positions in academe and industry. H e became a corporate member (subsequently Fellow) of the Institution of Chemical Engineers in 1961 and, in 1976, one of the founder Fellows of Engineering -a remarkable evolution for a chemical physicist. The D epartm ent's major involve ments with BP, Courtaulds, Pilkington and Union Carbide have lasting memorials not only in numerous research reports and publications but, more visibly, in an elegantly appointed Departm ental Common Room whose decor lastingly reflects his tastes and those of Miss Georgina Mary Greene.
Regrettably, the Headship of a great university department, particularly during a period of rapid expansion, together with the ever increasing demands of a large number of committees and working parties, leaves less and less time for fundamental thought, affecting even the ablest and most energetic of men. It is a curious aspect of our academic scene that career advancements which flow from outstanding excellence in research generally result in a drastic curtailment in the time available for such research. A secretary or personal assistant who firmly controls access and rations unexpected intrusions is undoubtedly of great help (Miss Georgina Greene acquired world-wide renown for her effectiveness in that role during Ubbelohde's period at Imperial College). Such pressures tend to inhibit the convivial social intercourse which was such a prominent feature of the early years at Q ueen's, even if the ablest of students and collaborators soon learn how to make optimum use of the brief flashes Tea at Platts Farm, 1985. of insight that are the product of instinct and intuition honed by years of experience (occasionally as a substitute for rigorous mathematical theory). In the words of D r J.C. McCoubrey: "His remarkable ability to conceptualise his projects, annunciating pithy models for molecular interactions, whether in cooperative pre-melting phenomena, the electrical behaviour of graphite intercalation compounds, or the wrestling colli sions pictured as providing energy exchange in gaseous hydrocarbons, was an illumi nating strength. It may sometimes have aimed to overbear the mathematical subtlety of theoretical wisdom in these fields, however". It is quite remarkable how many of the major advances in research, further detailed in the next section, date to U bbe lohde's busiest time at the helm of a rapidly expanding department; during that period no less than 155 papers due to him and his school appeared in print.
Paul Ubbelohde's services to Imperial College were not confined to his Department. Reverting to Lord Flowers: "In College affairs he also rendered great service and displayed much versatility. His distinctive and sometimes pungent remarks have often quickened discussion in the grave assembly of the Board of Studies. The not less serious business of the Wine Committee has equally benefited from its Chairman's fine judgement of a vintage; and for several years he was an accomplished Staff O rator at the annual Commemoration Day ceremony".
The College honoured him with a Fellowship in 1981.
R e s e a r c h
Although the staggering breadth of Ubbelohde's interests was, no doubt, largely fundamental to his own nature, the circumstance that thermodynamics is basic to a wide range of scientific disciplines offers a framework. During much of his professional life he worked almost simultaneously on combustion -particularly explosions and detonations-collision properties of hydrocarbon vapours, carbon, graphite and inter calation compounds, hydrogen in metals, phase transitions, ionic melts and on what ever topic aroused his interest more transiently. The scope of this work developed further with the systematic investigation of steady-state and marginal detonation of a whole series of hydrocarbon fuels which led to the introduction of the now generally accepted concept of a critical temperature rise as a requirement for detonative phenomena.
These different approaches culminated in a series of papers which considered such aspects as the behaviour of mixed fuel systems, unstable spinning and dual regime detonations, mass condensation effects and correlation behaviour of a whole range of materials, selected because of their expected different influences on energy transfer processes in the detonation front. His ultimate expectations were that the comprehensive answer to the question of detonability should be researched from understanding of the electronic nature of the species involved in the detonation front structure.
Carbon, graphite and intercalation compounds
"Nowhere was Ubbelohde's wide-ranging scientific curiosity more evident than in his exploration of the thermodynamic implications of the crystalline nature of the solid state, in phenomena as diverse as melting, structurally continuous phase transforma tions, thermal expansion and graphite intercalation" writes Dr George Parry who was, for many years, Hon. Sec. and then Chairman of the Carbon Group of the Institute of Physics.
Since his days at the Royal Institution, Ubbelohde had been aware of the importance of X-ray diffraction studies of the solid state and, already in the Davy Faraday Laboratory, he designed and had built a multiple exposure camera that permitted measurements of lattice spacings at temperatures above and below room temperature and so allowed direct measurement of the lattice thermal expansion. Subsequently his students were also encouraged to build their own furnaces and cooling devices which could be attached to other commercial X-ray goniometers for experiments above and below room temperature.
He had the instincts of the experimental chemist to experiment in breadth rather than depth. When faced with a result he did not understand, he instinctively changed the chemical nature of the material under investigation and repeated the experiment. The study of hydrogen bond networks in crystals benefitted when he suggested the substitution of deuterium for hydrogen, for this led to unexpected results and opened up new areas of research.
However, perhaps his greatest achievement was to stimulate world-wide interest in carbons and graphite. It was a field he regarded very much his own and he regretted that the growth of interest in the United States led to the formation of the separate American Carbon Society and the establishment of the Journal Carbon. He felt strongly that the creation of new societies and journals to cater for the growth of science and technology was a retrograde step, involving the duplication of administrative effort. He preferred to use existing journals and to form specialist groups within existing professional institutions and societies. Thus he organised the creation of the SCI Group and of the Carbon and Graphite Group (subsequently the Carbon Group) within the Institute of Physics and was indeed founder Chairman of both Groups. His initial plan was to have a group within the Chemical Society but this did not materialise* and the interests of academic chemists were catered for by the SCI Group. Major conferences on industrial carbons and graphite were organized through the SCI and these pioneered the development of similar conferences in Europe (notably France and Germany) and provided a European forum to attract the American carbon scientists to Europe and to provide the opportunity for young European research workers to go to the biennial conferences organized in the United States by the American Carbon Society.
Paul Ubbelohde was interested in graphite as a starting material for a number of intercalation reactions, with a view to the subsequent measurement of electronic properties. He tried using natural graphite from various sources, but was always concerned with the concentration of intrinsic impurities, notably iron. He realised that to prepare intercalation compounds whose properties would be meaningful and reproducible in different laboratories around the world (an important constraint) would require the development of synthetic graphites of high purity and low c-axis dispersion which would be a suitable starting material for solid state physics experi ments on what he called the "crystal compounds of graphite", a term which embraced charge transfer intercalation compounds in which carbon hexagon layers are involved in charge transfer reactions with the low molecular weight electron donors and acceptors intercalated between the carbon layers of a swollen graphite sample. Ubbelohde coined the evocative expression "Syn thetic Metals" to cover the creation of materials with metallic conduction but formed entirely of such non-metallic atoms as carbon, nitrogen, hydrogen, the halogens and oxygen. This expression was later adopted as the title of an international journal publishing papers on these materials from laboratories all over the world. This will surely stand as a fitting tribute to the research of Paul Ubbelohde although, for reasons of loyalty to established learned societies and their publications, it is doubtful whether he himself would have appreciated the honour.
Pyrolytic Graphites
"Of the many projects initiated by Ubbelohde during his time at Imperial College it seems to me", writes Dr D.A. Young shared the excitement in Ubbelohde's dream of preparing large pieces of well-oriented pyrolytic graphite comparable in quality to silicon or germanium boules which would essentially possess the transport properties of pure, natural single crystals. They considered it to be adventurous, worthwhile, possibly achievable -and very likely to generate some interesting physics on the way. George Saunders (Prof. G.A. Saunders) started things off by pyrolysing methane from Mogden Sewage Works on graphite substrates initially heated to a surface temperature »*21()0°C so as to generate thick, inhomogeneous tubes of pyrolytic graphite in which the innermost regions underwent basal shear at temperatures up to 3700°)C towards the end of the experiment. This process, which had been pioneered by Dr W. Watt, F.R.S., produced thin sheets of graphite with excellent basal plane transport properties, and indeed Saunders himself went on to characterize such materials by magneto-resistance and Hall effect measurements, and by their susceptibility to intercalation by bromine.
This early material was variable in quality, in the sense that basal plane mobility could depend on location within the samples, and of course there were also retained graphitised soot particles which could inhibit recrystallisation. Fortunately this material was quickly replaced by a superior soot-free graphite prepared by a new method developed with Dr A.W. Moore. He soon noticed that graphite of the highest quality emerged in thin sheets from the clearance gap between the (rigid) piston and cylinder of his equipment. Evidently, as Saunders had noted, a combination of shear and high temperature was necessary. This led very quickly to the development of the uniaxial hot-pressing technique in which a stack of discs of inhomogeneous graphite deposits of indifferent quality was heated to about 3000°C, then uniaxially compressed in the c-axis direction while simultaneously allowed to expand in the basal plane direction. The accompanying basal shear destroyed soot particles and so permitted recrystallisation whereby coherent cylinders of graphite with a c-axis spread of less than 0.5°, negligible hydrogen content, and a density in excess of 2.265 g cm-3 were immediately obtained. This was the break-through but, of course, it all had to end in tears for, to paraphrase Ubbelohde himself, the paper we wrote together marked a tide in the affairs of men which taken at the flood led on to fortune -in the USA: British Industry didn't want to know. This was a grievous disappointment, but Ubbelohde could comfort himself that Moore, working at the National Carbon Company in Cleveland, did eventually make HOPG a successful commercial product with which our three names will ever be associated.*
Hydrogen in metals
"Professor Ubbelohde's studies of the interaction of hydrogen with palladium and later with iron began in the very early 1930s in Oxford", D r F.A. Lewis writes.
These were concerned with classic phase relationships and with novel kinetics of processes at the metal-gas interface. Soon after deuterium became available, Ubbelohde commenced sev eral diverse investigations of isotope effects including X-ray and electrical resistivity measure ments of the effects of absorption of both protium and deuterium by palladium. Estimates were made of expansion pressures due to hydrogen, and, in regard to hysteretic effects, his conclusions that the Phase Rule must be modified to take account of stresses in the metal, currently remain of basic significance.
Over the period of his tenure of the Professorship of Chemistry in Belfast, from 1945 to 1954, other researches on hydrogen in metals were undertaken, in extension and in addition to his earlier investigations. Effects of hydrogen on the bulk crystallographic and surface structures of palladium and iron, and on the elastic and anelastic properties of palladium were examined. Several studies were carried out on reactions of hydrogen at metal surfaces including conditions of simultaneous permeation of hydrogen through membranes of the metal. Important consider ations were given to problems of estimating surface hydrogen chemical potentials under varying conditions of catalytic activity; and to how these problems could be allied to difficulties of predicting pressures of hydrogen gas that might be developed within interior voids and other lattice defects.
Ionic melts
"Paul Ubbelohde's work on ionic melts represents classical physical chemistry at its best", writes Professor Douglas Inman.
The measurements which he reported were comprehensive and meticulous and will stand the test of time. The speculation was imaginative in the best sense of the word, did not mislead and often stimulated further diagnostic and revealing measurements. He came into the field at an opportune time, at the start of a golden age which he helped to create. The actual and possible practical applications were behind much of the work but they remained in the background and the resources were sufficient to enable the fundamental researcher to do thorough, thoughtful work. At meetings, he could make even the most mundane seem exciting and he will be remembered for his ability to stimulate and provoke others into producing good ideas. One recalls with relish the controversies surrounding electrostriction, association complexes and complex ions! Paul Ubbelohde's early and lasting interest lay in the thermodynamics and structural changes of melting phenomena. In particular his ideas on pre-melting phenomena have lasted. His work covered a wide range of low-melting salts such as nitrates, acid sulphates and thiocyanates, but his research on the commercially-important double salt cryolite (Na3AlF6) indicates his awareness of the practical applications. He introduced many subsequently well known co-workers to the field and in a classical paper with two of them, Rhodes and Cleaver, he reported the use of u.v. absorption spectra to monitor the melting process. Other important interests concerned nucleation in melts and ionic melts containing organic ions which gave rise to mesophases. In the latter the perception of the importance of removing impurities to ensure thermal stability was an important advance.
A man with panache and style, he will long be remembered by his fellow researchers in the field.
A w a r d s , h o n o u r s a n d p u b l i c a p p o i n t m e n t s
Ubbelohde's scientific prominence and administrative abilities led to so many public appointments and honours (several of which have been touched on already) that restrictions on space make it quite impossible to do justice to them all. Experience shows that an overwhelming proportion of research students of Chemistry and Chemical Engineering eventually do enter industry. The proportion who start research at the Universities, undecided whether to try a University or an industrial career, is however much larger. Really able students often do not like to have to make up their minds about this choice, at the beginning of their research training. This is a reasonable attitude; some recognition of it could well be given for example in the wording of application forms, by dropping the reference to "training for industry".
H e was a member of the Publications Committee as well as of the Council of the Faraday Society before he became President in 1963-64 and, by all accounts, proved to be a very strong one. D r L.E. Sutton, F.R.S., writes:
I remember Paul well. His large head and his disabled arm gave an impression of concentrated cerebral power. His manner I would describe as very assured and definite, verging perhaps on the authoritarian. As a Chairman he insisted on the rules being followed.
The Minutes of the Council of the Faraday Society for the two years when he was President record that "on one occasion he emphasized that if an account of an Informal Meeting was not published in the Society's transactions it should not bear the Society's name but be published independently. As a general principle this custom had not always been observed, for the account of a joint meeting held with the Societe de Chimie Physique at Bordeaux in 1947 which was published by Butterworths, bore the Society's name very clearly; but then the Faraday Society seems to have had no index to the Council Minutes so it would not have been easy to check on such a point. Again, early in his Presidency, at a time when Informal Meetings had been tending to become quite numerous, he emphasized that the organizers knew that they must observe the time limits of two half-days of discussion.
As President of the Faraday Society and throughout his professional life, Ubbelohde held that science was best served by publications in the recognized refereed journals of established learned societies.
In 1970, Ubbelohde was awarded the Alfred Egerton Medal of the Combustion Institute, followed in 1972 by the Messel Medal (the premier award of the Society of Chemical Industry) and in 1975 by both the George Skakel Memorial Award of the American Carbon Society and the Paul Lebeau Gold Medal of the Societe des Hautes Temperatures et Refractaires. Honorary Degrees were bestowed upon him by the Universities of Padua, Nancy, Belfast and the Universite Libre of Brussels. He was a member of The Academy of Gottingen and was appointed an Academician of the Pontifical Academy of Science in 1968 -an office he held in particularly high regard and one whose functions he continued to fulfil until shortly before his death. He was an honorary Fellow of the City and Guilds Institute, a Freeman of the City of London and was awarded the CBE in 1963. F a r m i n g a n d t h e A g r i c u l t u r a l R e s e a r c h Co u n c i l Paul Ubbelohde's many interests and activities have been touched on in several of the preceding sections. Farming, however, absorbed such a major proportion of his life that it demands a section of its own. His interest in farming surfaced as early as 1936. Brian Baile, a fellow enthusiast, writes:
About that time Paul and I started to exchange ideas about how to become farmers. We agreed that it would be foolhardy to throw up one's job, especially as in my case I had a growing family.
It took another 22 years but:
On the morning of the general election leading to Macmillan's second government Paul first went to vote and afterwards at breakfast told me of his determination to buy a farm and asked for my advice... We went together to look at one or two farms... One of the farms he liked belonged to Sheila Kaye Smith and her husband Sir Penrose Fry but it was let to another tenant. Eventually he decided to buy Platts Farm near Burwash....
Miss Georgina Greene recollects that Professor Ubbelohde required a large house, not least "to keep all his books in". The 17th century Platts Farm nestles in the beautiful rolling Sussex countryside with Rudyard Kipling's house just visible on the horizon. Miss Greene was left to bid for the farm during one of Professor U bbelohde's absences in South America and was so confident of his approval that she exceeded the previously agreed maximum by a generous margin.
Ubbelohde's service on the Agricultural Research Council extended from July 1966 to October 1975. Sir Gordon Cox, F.R.S., writes:
It was always important, but not always easy, to ensure that the nine or ten distinguished scientists on the Council should have a spread of interests adequate to cover the very wide spectrum of the ARC'S activities. When agricultural engineering, for various reasons, attracted more atten tion in the middle sixties the Council could not, without unacceptable distortion, allocate a seat wholly to this subject, and therefore in filling a vacancy normally allocated to a chemist, it looked for a chemist with engineering interests. It was my duty as Secretary to draw the attention of the Council to possible candidates and to seek the approval of the President of the Royal Society for the name proposed. When I went to put Ubbelohde's name to the President (Florey) he said he supposed I knew that Ubbelohde had a reputation for being difficult. I said yes, but I had known him for a long time and felt that his original contributions to debate would far outweigh any effects of his eccentric character. This indeed proved to be the case; he enjoyed his work for the ARC and made many useful contributions in Council meetings, as the first chairman of the Standing Committee on Agricultural Engineering Research, and as chairman and member of several Visiting Groups to institutes. It has to be said that there was a mischievous streak in him, and he had a gift for complicating simple problems, but my observation was that while he might give these tendencies free rein in, say, an informal scientific discussion, he kept them well under control when he was in a position of responsibility such as the chair of a committee.
His correspondence with Mr Baile reveals that, as might have been expected, Ubbelohde's farming activities were never completely divorced from either his science or his love of good food. Mr Baile comments: "He was interested in my brewing and wanted to imitate it. H e would make remarks such as 'I don't think this is quite hopped enough' and 'Do you ever add a pinch of thyme, fennel or borage?' The finer points of food and drink were very important to h im ..."
Characteristically, an important aspect of Ubbelohde's farming interests was the energy efficiency of pigs which he raised with great success and in considerable numbers. At one time his prize herd of British Large Whites numbered almost a hundred breeding sows and won several awards. Ubbelohde was wont to remark that his pigs won a gold medal before he did. H e took a very personal interest in them and was known to compare them, in most favourable terms, with undergraduates. Eustace, the wonderful boar, was treated to his own backscratcher and the bemused pigman was instructed to talk to the pigs whenever possible.
A p p r e c i a t i o n b y c o l l e a g u e s
Although a few friends were privileged to remain close to him from his youth and benefited from his kindness, Paul U bbelohde rem ained a very private person throughout his life and many of his colleagues never felt quite at ease with him. "He was the one G overnor (of St Paul's School) whom I knew longest" wrote the late Dr M.A. Grace, F.R.S., "but about whom I knew least. His conversation was wide-ranging -physics, food, wine, pigs, farming, art, etc., but rarely about people". Again, D r D.A. Young writes:
Of the many gifts which were showered on Paul Ubbelohde at his birth, one was conspicuously absent and that was the ability to make friends of his colleagues. Amongst the many other consequences of this deficiency, one notes that there never has developed among scientists an invisible college of support for his achievements.
It is open to doubt whether the cause is to be traced back as far as Paul U bbelohde's birth (although he claimed to remember that event and, in particular, his father's disapproval of him). In his biographical memoir of D.M. Newitt, F.R.S., Ubbelohde wrote: "The interleaved texture of human growth can sometimes be followed by more than one kind of early experience..." and it may be surmized that this revealing insight is not unconnected with his own childhood experiences, in particular of polio and consequent loss of the use of his right arm. The effect on someone so physically active and naturally righthanded may be imagined. Schoolboys were never renowned for their tolerance and sympathy -least of all at that time, towards foreigners with German sounding names! Walls erected in childhood have very deep foundations and, ulti mately, the "interleaved texture of human growth" may influence much greater issues. In the words of Professor Peter Gray, F.R.S.:
Paul Ubbelohde was a cosmopolitan character, an excellent linguist and, so long as one was prepared to surrender the wish to feel relaxed and at ease, a very entertaining companion. He felt he had won less public recognition than he deserved. This is probably true: he certainly enjoyed contact with other members of the great and good and he could have been a brilliantly articulate advocate of science on a wider stage.
Paul Ubbelohde had written most of his first paper entitled "The theory of general evolution" by his 14th birthday. It was handwritten in beautiful copperplate and I am indebted to his co-author, F.H. Stevenson, and to Sir Hugh Ford, F.R.S., for providing me with a photocopy. The paper extends Darwin's theory of evolution for inorganic matter. That the young Paul Ubbelohde did not expect immediate public acclaim even then is apparent from the Preface which begins:
We have enunciated this Theory, not necessarily with the hope of its acceptance by the prejudiced public, but rather as an outlet to those thoughts which are forcing themselves more and more insistently upon us. However we must state that the facts we give in support of our Theory are only taken from the experience of others. If our detractors attack this point, we would have them furnish their own accurate experimental data.
